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ARTICLE INFO ABSTRACT

Keywords: Objective: This research was aimed to preliminarily explore the clinical roles and potential mo-
MIR99AHG lecular mechanisms of MIR99AHG and its significant transcripts in breast cancer (BRCA).

BRCA . Methods: Public databases were utilized to analyze the expression and prognostic roles of
Prognosis . MIR99AHG and its transcripts. Relationships between MIR99AHG expression and immune cells
Molecular mechanism e . . . is . .
ceRNA infiltration were analyzed in Xiantao platform. In addition, co-expressed genes and interacting

Transcription factor proteins of MIR99AHG were predicted. CancerSEA analyzed its relationship with functional
states. Next, CNV status, DNA methylation, interacting transcription factors (TFs) and ceRNA
network were analyzed to explore its possible mechanisms. Then, RNA ISH and FISH assays were
used to detect its expression and location in BRCA tissues and cell lines, respectively. Finally, qRT-
PCR was utilized to investigate MIR99AHG expression in cell lines.

Results: Compared with the corresponding normal tissues, MIR99AHG expression levels were
lower in all BRCA subtypes, and luminal B’s was the lowest one. And MIR99AHG expression was
negatively related to the tumor stage. In addition, 4 transcripts (ENST00000619222.4,
ENST00000418813.6, ENST00000602901.5 and ENST00000453910.5) of MIR99AHG showed
significant differences in the expression. Databases also suggested that the high MIR99AHG
expression levels indicated good prognosis, especially in patients without lymph node metastasis.
Xiantao found that MIR99AHG was positively related to 17 immune cells and negatively linked
with 2 immune cells. CancerSEA analysis showed no relationships between MIR99AHG and
functional states. From GEPIA and BCIP databases, 19 co-expressed genes were highly related to
these four significant transcripts of MIR99AHG. StarBase, RNAct and HDOCK showed that several
tumor-associated proteins, including U2AF65, hnRNPC, AEBP2, CHIC1 and so on, might interact
with MIR99AHG. Genetically, BRCA had a higher proportion of MIR99AHG CNV loss than CNV
gain, and the high level of DNA methylation indicated a good prognosis. Furthermore, 19 TFs
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were predicted to combine with the promoter of MIR99AHG. Then, we screened out 10 miRNAs
potentially interacting with the significant transcripts of MIR99AHG, and five were significantly
increased in breast tumors compared to normal tissues, including miR-194-5p, miR-320 b and so
on, which could combine 14 mRNAs. Through ISH and FISH assays, we verified that MIR99AHG
was down-regulated in BRCA samples and cell lines in comparison to non-tumor tissues and
mammary epithelial cell line (MCF10A), and MIR99AHG was located both in cytoplasm and
nucleus. QRT-PCR assay also showed the lower expression of MIR99AHG in breast cancer cells
than that in MCF10A.

Conclusion: These results indicate that MIR99AHG can be a favorable prognostic indicator for
BRCA. ENST00000619222.4, ENST00000418813.6, ENST00000602901.5 and
ENST00000453910.5 are significant transcripts and their down-regulation may play crucial roles
in the progression of BRCA.

1. Introduction

Breast cancer (BRCA) has become the most common cancer and a major public health problem worldwide [1]. Despite the adverse
impact of the coronavirus disease 2019 (COVID-19) pandemic on cancer diagnosis, the number of new cases diagnosed with BRCA is
still appallingly high and BRCA is one of the leading causes of cancer-associated deaths in women [2,3]. One of the main reasons is that
the molecular pathogenesis of BRCA remains to be unravelled [4]. Therefore, it is critical to explore novel potential biomarkers for
BRCA detection and management.

Due to the lack of open reading frames, non-coding RNAs (ncRNAs) are encoded but usually not translated into proteins [5]. Long
non-coding RNAs (IncRNAs), which are over 200 nucleotides in length, play critical functions in the modulation of gene expression,
ubiquitination and cellular signal transduction [6,7]. Recently, more and more IncRNAs have been proved to be involved in the process
of tumorigenesis, including proliferation, apoptosis, migration, invasion, epithelial-mesenchymal transition, stemness and so on [8,9].
Therefore, IncRNAs are considered as potent biomarkers and therapeutic targets for carcinomas. In breast carcinoma, the abnormal
expression of IncRNAs not only promotes tumorigenesis, but also induces drug resistance [10,11].

MicroRNA-99a host gene (MIR99AHG), also known as LINC00478, has been proved to be a non-coding tumor suppressor gene in
lung cancer [12]. It is located in chromosome 21q21.1 and encodes IncRNA MIR99AHG as well as the miR-99a/let-7c/miR-125b2
cluster [13]. Previous studies have reported that the expression levels of miR-99a, let-7c and miR-125b2 are down-regulated in
breast tumors in comparison with normal tissues, and they may function as tumor suppressors and stand as diagnostic biomarkers in
BRCA [13,14]. Another recent study has shown that MIR99AHG is negatively related to BRCA lymph node metastasis and may serve as
a candidate biomarker for BRCA diagnosis [15]. Therefore, it is necessary to clarify the functions of IncRNA MIR99AHG and the
mechanism of down-regulated expression of MIR99AHG gene in BRCA.

Interestingly, it is reported that the increased expression of MIR99AHG may also promote biological malignant behavior in several
other tumor types [16,17]. Given that one IncRNA often has multiple transcripts, different transcripts may have diverse biological
functions and play different roles in the diagnosis and treatment of diseases [18]. Therefore, based on bioinformatics, this study aims to
initially identify the clinical roles of MIR99AHG in BRCA patients, and to explore potential significant transcripts of MIR99AHG and
possible molecular mechanisms in BRCA through public databases.

2. Materials and methods
2.1. Database analysis of MIR99AHG expression in BRCA

Three public databases, Gene Expression Profiling Interactive Analysis 2 (GEPIA2, https://gepia2.cancer-pku.cn/), Breast Cancer
Integrative Platform (BCIP, http://www.omicsnet.org/bcancer/database) and IncRNAs from cancer arrays (InCAR, https://Incar.
renlab.org/explorer) were utilized to analyze expression levels of MIR99AHG in breast normal tissues, breast tumors, and BRCA
sub-types [19-21]. In addition, the levels of different transcripts of MIR99AHG were analyzed in GEPIA.

2.2. Prognostic and clinicopathological analyses in the databases

Prognostic roles of MIR99AHG were estimated via PrognoScan (http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html), GEPIA,
BCIP and Kaplan-Meier Plotter (https://kmplot.com/analysis/) databases [22,23]. The primary outcomes were overall survival (OS),
recurrence/relapse free survival (RFS), distant metastasis free survival (DMFS), disease-specific survival (DS), post-progression sur-
vival (PPS) and disease-free survival (DFS). GEPIA was also utilized for survival and clinicopathological analyses of different
MIR99AHG transcripts in BRCA.

2.3. CancerSEA analysis

CancerSEA (https://biocc.hrbmu.edu.cn/) database was used to analyze the relationships between MIR99AHG and 13 types of
functional states, including angiogenesis, apoptosis, cell cycle, differentiation, DNA damage, DNA repair, EMT, hypoxia, inflammation,
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invasion, metastasis, proliferation, quiescence and stemness [24].
2.4. Xiantao analysis

Xiantao platform (https://www.xiantao.love/) was conducted to analyze possible clinicopathological roles of MIR99AHG in TNM
(Tumor Node Metastasis) stages of 1109 BRCA samples. Besides, relationships between MIR99AHG expression and immune cells
infiltration were analyzed by Spearman analysis to explore its potential roles in tumor immunity.

2.5. Co-expression analysis

We conducted GEPIA and BCIP databases, respectively, to explore top 100 co-expressed genes of MIR99AHG or its significant
transcripts (ENST00000619222.4, ENST00000418813.6, ENST00000602901.5 and ENST00000453910.5). In GEPIA, we selected
genes that were contained in at least three transcripts. According to these two databases, we screened out highly correlated genes.

2.6. Prediction of proteins interacting with MIR99AHG

StarBase (https://starbase.sysu.edu.cn/starbase2/index.php) was utilized to explore RNA-binding proteins (RBPs) which possibly
interacted with MIR99AHG [25]. RNAct (https://rnact.crg.eu/) database could predict RBPs interacting with different MIR99AHG
transcripts and we selected the top 100 ones of each transcript [26]. Then, we screened out candidate RBPs that were contained in all
transcripts. According to the results of the databases above, we chose ENST00000418813 as a representative transcript, and HDOCK
server was used to analyze RBP-ENST00000418813 docking [27].

2.7. Copy number variant (CNV) analysis

CNV gain and loss were two different statuses. We performed BCIP database to analyze CNV status of MIR99AHG in BRCA and
compare the survival rates of different statuses, including OS and DS.

2.8. DNA methylation analysis

Epigenome-Wide Association Study (EWAS) Data Hub database (https://ngdc.cncb.ac.cn/ewas/datahub/index) was utilized to
analyze the levels of MIR99AHG body DNA methylation and its prognostic role in BRCA and gynecological neoplasms, including
endometrial cancer and cervical cancer [28].

2.9. Prediction of transcription factors (TFs) interacting with MIR99AHG promoter

According to MIR99AHG promoter sequence, we conducted PROMO database (http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/
promoinit.cgi?dirDB=TF_8.3) to predict TFs and TF binding sites of MIR99AHG promoter [29]. Then, we compare the relationship
between MIR99AHG and TFs through GEPIA.

2.10. Construction of MIR99AHG-miRNA-mRNA network

LncACTdb3 (http://www.bio-bigdata.net/LncACTdb/index.html) was used to predict the location of IncRNA MIR99AHG in cells
[30]. Then, we used two databases, DIANA-LncBase v3 (https://diana.e-ce.uth.gr/Incbasev3) and IncRNASNP2 (http://bioinfo.life.
hust.edu.cn/IncRNASNP#!/) to predict candidate miRNAs that could potentially combine with IncRNA MIR99AHG and to analyze
possible binding sites of these miRNAs and significant MIR99AHG transcripts [31,32]. Among them, CancerMIRNome (http://bioinfo.
jialab-ucr.org/CancerMIRNome/#tab-1929-4) was applied to identify differential miRNAs between normal tissues and breast tumors
[33]. According to LncACTdb3 and miRDB (http://mirdb.org/), we screened out candidate mRNAs that could combine with IncRNA
MIR99AHG-miRNAs in the competing endogenous RNA (ceRNA) network [34].

2.11. Clinical specimens and RNA in situ hybridization (ISH) assay

10 cases of breast tumors and non-tumor breast tissues were obtained from Kunshan First People’s Hospital. This research was in
accordance with the Kunshan First People’s Hospital Ethics Committee and every patient signed the informed consent form. The ISH
probe of MIR99AHG (QD646) was synthesized by BersinBio Technologies Co., Ltd. Briefly, after the course of dewaxing, rehydration,
inactivation of endogenous enzymes and digestion, the sections were dealt with the prehybridization solution (AR0152, Boster). Mixed
liquor of the probe and hybridization solution was then dropped onto the sections at 75 °C for 10min, and these sections were
immediately transferred to 42 °C overnight. Following washing and sealing, sections were treated with biotinylated digoxin (AR0147,
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Boster), SABC (SA1020, Boster) and biotinylated peroxidase (AR0149, Boster) in turn. Finally, slides were stained with AEC (A2010,
Solarbio) and counterstained with hematoxylin (G1004, Servicebio) for 10s. We evaluated MIR99AHG expression in these samples by
using a semi-quantitative assessment system. This system was combined by a score of the percentage of tumor cells (P; 0, no positive
tumor cells; 1, 1%-25% positive tumor cells; 2, 26%-50% positive tumor cells; 3, 51%-75% positive tumor cells; and 4, 76%-100%
positive tumor cells), and a score of the staining intensity (SI; 0, no staining of the tumor cells; 1, weak staining; 2, moderate staining;
and 3, strong staining). The formula of the staining score (SS) was “SS—P*SI”, and the total score ranged from O to 12.

2.12. Cell lines and cell culture

The human mammary epithelial cell line (MCF10A) and the human breast cancer cell lines (MCF-7, ER+; SK-BR3, HER2+; MDA-
MB-231 and SUM1315, ER-PR-HER2-) were stored in Central Laboratory, Kunshan First People’s Hospital. MCF10A, MCF-7, SK-BR3
and MDA-MB-231 were derived from American Type Culture Collection, and SUM1315 was kindly provided by Xiaoan Liu (The First
Affiliated Hospital of Nanjing Medical University, China). MCF10A were cultured in MCF10A cell specific medium (Procell, China).
MDA-MB-231, SUM1315 and SK-BR3 were cultured in Dulbecco’s modified Eagle’s medium (DMEM; GIBCO Life Technologies, USA).
And MCF-7 was cultured in minimum Eagle’s medium (MEM; GIBCO Life Technologies, USA). All cell lines were cultured at 37 °Cin a
humidified atmosphere containing 5% CO.

2.13. RNA fluorescence in situ hybridization (FISH) assay

0.5 x 10° cells per plate were seeded in 12-well plates with cell climbing sheets and cultured overnight at 37 °C in a 5% CO,
incubator. After washing, cells were fixed in 4% paraformaldehyde. RNA FISH Kit (GenePharma, China) was then used with the
specific probe mixed liquor. The sequence of the probe was listed in Supplement file 1, which was designed and produced by Gene-
Pharma. Then, DAPI working solution was used for staining in the dark. After washing, a clean slide was treated with the anti-quench
agent and covered the cell side of the sheet, and then the slice was observed under the fluorescence microscope.

2.14. Quantitative real-time PCR polymerase chain reaction (qQRT-PCR) assay

Cells were collected to isolate total RNA through Ezol reagent (GenePharma, China). Then, RNA was reverse transcribed using the
reverse transcription reaction system (GenePharma, China). Amplified DNA was measured by the universal reagent for real-time
fluorescence quantification (GenePharma, China) and qPCR was performed using the ABI stepone plus real-time fluorescence quan-
titative PCR instrument (Life, USA). Then, we used 2725C yalue to calculate the relative RNA expression. cDNA was subjected to
quantitative PCR using primers specific for MIR99AHG and GAPDH. Notably, the primer of MIR99AHG contained 16 main transcript
variants in the NCBI database. The PCR primers were listed as follows:

MIR99AHG, Forward primer, 5-~ACAAGAGCACCTCAAAGGCA-3/, Reverse primer, 5-~AAGTTTTCTGCATCCGTGCG-3’; GAPDH,
Forward primer, 5-CATGAGAAGTATGACAACAGCCT-3/, Reverse primer, 5-AGTCCTTCCACGATACCAAAGT-3’.

2.15. Statistical analysis

Difference of expression levels of RNAs between breast tumors or cancer cells and normal tissues or MCF10A was analyzed by t-test.
Differences of MIR99AHG and its transcript expression among subtypes and stages were analyzed by ANOVA with LSD-t test. The
database InCAR used the aggregation rank score (AR score) to represent the integrated rank from the meta-analysis of fold change from
different microarray studies, in which a larger AR score indicated an up-regulated IncRNA in most studies, whereas a down-regulated
IncRNA. The HR and P value were calculated by univariate Cox regression model in PrognoScan, and by log-rank test in GEPIA and
Kaplan-Meier Plotter. Similarity between genes is represented by Pearson correlation coefficient and BCIP used the adjusted P-value.
Relationships between MIR99AHG expression and functional states were also analyzed by the Pearson correlation method. The
IncRNA-miRNA-mRNA ceRNA network was drawn through Gephi. GraphPad Prism 6.0 was used to analyze the data in this study and
P < 0.05 was set as a statistically significant threshold.

3. Results
3.1. Down-regulation of MIR99AHG in BRCA

In public databases, MIR99AHG was down-regulated in various carcinomas, including BRCA, CESC (cervical squamous cell car-
cinoma and endocervical adenocarcinoma), LUAD (lung adenocarcinoma), OV (ovarian serous cystadenocarcinoma), and so on

(Fig. 1A). Compared to normal breast tissues, its expression was lower not only in breast tumors but also in all BRCA subtypes
(Fig. 1B-H). In addition, luminal B BRCA had the lowest expression level of MIR99AHG (Fig. 1E, G and 1H).
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Fig. 1. Expression of MIR99AHG in BRCA and its sub-types in databases. (A) Expression of MIR99AHG in multiple cancers in GEPIA database; (B)
Comparison of MIR99AHG expression between BRCA and normal breast tissues in GEPIA; (C) Comparison of MIR99AHG expression between BRCA
and normal breast tissues in BCIP database; (D) Comparison of MIR99AHG expression between BRCA subtypes and normal breast tissues in GEPIA;
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3.2. Differences of MIR99AHG transcripts between BRCA and normal tissues

Since one IncRNA usually has different transcripts, we searched GEPIA database for significant transcripts in BRCA. In GEPIA, 13
transcripts were detected in tissues, and only two transcripts were differentially expressed between tumors and normal tissues,
including ENST00000619222.4 and ENST00000418813.6 (Fig. 2A and B). In the analyses of BRCA subtypes, basal like, HER2 positive
and luminal B had significantly lower levels of ENST00000619222.4 and ENST00000602901.5 in tumors than those in normal tissues;
the levels of ENST00000418813.6 in basal like and luminal B BRCA were clearly lower than normal tissues; and the level of
ENST00000453910.5 was only lower in luminal B tumors in comparison of normal tissues (Fig. 2C). Although it seemed that the levels
of these four transcripts in luminal B were the lowest, there was no statistic difference among BRCA subtypes (Fig. 2D).

Furthermore, we utilized Xiantao platform and GEPIA database to analyze possible clinicopathological roles of MIR99AHG and its
transcripts in BRCA. In the Xiantao analysis, MIR99AHG expression in T2 (tumor stage 2) BRCA was obviously lower than that in T1
(tumor stage 1) and T3 (tumor stage 3) BRCA (P < 0.05, Fig. 3A). Though without statistical significance, T4 (tumor stage 4) BRCA had
the least average expression level of MIR99AHG (Fig. 3A). However, there were no significant differences among N (node) stages or
between M (metastasis) stages (Fig. 3A). In GEPIA database, during the increasing of stages, there was a downtrend of MIR99AHG
expression (P < 0.05), and ENST00000619222.4 also had a downtrend but without significance (Fig. 3B). Although expression of
ENST00000418813.6 varied between each stage, there was no significant downward trend with increasing BRCA stage (P < 0.05,

Fig. 3B).
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Fig. 3. Relationships between MIR99AHG expression and stages. (A) Xiantao platform; (B) GEPIA.*P < 0.05; ***P < 0.001.

3.3. Prognostic role of MIR99AHG in BRCA

PrognoScan database showed that high level of MIR99AHG indicated good prognosis, including OS (HR = 0.68, 95%CI: 0.49-0.94,
P =0.018, Fig. 4A) and RFS (HR = 0.67, 95%CI: 0.50-0.91, P = 0.011, Fig. 4B). In addition, prognosis analyses of multiple cancers
were listed in Supplement file 2. GEPIA also showed that high levels of ENST00000602901.5 and ENST00000602280.5 predicted good
prognosis in BRCA (Fig. 4C). In Kaplan-Meier Plotter, levels of MIR99AHG also positively correlated with RFS, but without any sig-
nificant relationship with OS, DMFS or PPS (Fig. 5A). Notably, we found that compared with the low level group, the high level of
MIR99AHG predicted better outcomes, including OS, RFS and PPS, in BRCA patients without lymph node metastasis (Fig. 5B).
However, there were no significant relationships between MIR99AHG expression and prognosis in BRCA patients with lymph node
metastasis (Fig. 5C). In BCIP database, the high expression group of MIR99AHG also indicated better outcomes, including OS and DS,
than the low expression group (Fig. 6A-B), especially patients without lymph node metastasis (Fig. 6C-E). High MIR99AHG expression
in BRCA patients with lymph node metastasis predicted better OS but worse DS than the low expression group (Fig. 6D-F).
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Fig. 5. Prognosis analysis of MIR99AHG in Kaplan-Meier Plotter. (A) All BRCA patients; (B) BRCA patients without lymph node metastasis; (C)
BRCA patients with lymph node metastasis.

3.4. Relationship between MIR99AHG expression and different functional states

CancerSEA database showed the relationships of MIR99AHG expression with 14 functional states of eight cancer types. It seemed
that the three types had significant relationships (Fig. 7), including HGG (high-grade glioma), LUAD and UM (uveal melanoma). In
BRCA cells, only one single-cell dataset (EXP0054) showed a negative relationship of MIR99AHG expression with apoptosis (P < 0.05),
but there was no relationship between MIR99AHG and apoptosis in the comprehensive analysis of the three datasets (Fig. 7). Besides,
MIR99AHG expression wasn’t correlated with any other functional state of BRCA cells.

3.5. Correlation between MIR99AHG expression and immune infiltration levels

In the Xiantao platform, we analyzed the relationship between MIR99AHG expression and enrichment of immune cells. And we
found 17 kinds of immune cells positively related to MIR99AHG expression (top 17 in Fig. 8, from Mast cells to NK CD56dim cells),
especially Mast cells (R = 0.364, P < 0.001) and NK cells (R = 0.363, P < 0.001, Fig. 8). But levels of another 2 immune cells, Th2 cells

and NK CD56bright cells, were negatively associated with MIR99AHG expression in BRCA (Fig. 8).



W. Han et al.

>

P Value=8.076145e-06, HR=0.6908389

Heliyon 9 (2023) 19805

P Value=0.009024529, HR=0.7259906

' '
2_} 0.75 - :>~ 0.75 =1
z z
£ £
[ €
£ o5 £ o5
3 3
v -
0.2% -~ 0.0% -4
b4 T T T T T T N T T T T T T
50 1C0 150 200 25¢ 300 50 1C0 150 200 25¢ 300
All samples Survival time(Month) All samples Survival time(Month)
— High expression group — Low expression group — High expression group — Low expression group
Co P Value=0.003288391, HR=0.7162072 Do P Value=2.267647e-05, HR=0.5960108
1 - 1 -
> 075 - > 075~
e E
E S
[ €
5 0.5 - _‘ 0.5 -
e Z
0.25 - 0.25 -
0 T T T T T T N T T T T T T
50 1C0 150 200 25¢C 300 sC 100 150 200 250 20C
LN- Survival time(Month; LN+ Survival LirnelMonth)
— High expression group — Low expression group — High expression group — Low expression group
Eo P Value=0.007095166, HR=0.6645526 Fo P Value=0.003471378, HR=2.59233
i 1
> 075 - > 075 -
E z
F F
< <
& o5 & o5
- Z
0.25 - 0.25 -
N T T T T T T e T T T T T T
50 1€0 150 200 25¢ 300 sc 100 150 200 250 £

— High expression group

LN- Survival time(Month;

— Low expression group

LN+ Survival limePdonth)

— High expression group — Low expression group

Fig. 6. Prognosis analysis of MIR99AHG in BCIP. (A) OS of all BRCA patients; (B) DS of all BRCA patients; (C) OS of BRCA patients without lymph
node metastasis; (D) OS of BRCA patients with lymph node metastasis; (E) DS of BRCA patients without lymph node metastasis; (F) DS of BRCA
patients with lymph node metastasis.

10



W. Han et al. Heliyon 9 (2023) 19805

© ) e S o
o > 2
G O $ > o ) (&
& o G N N N
X o Q* & & & > & IS ) & O
O o g ¥ @ S & \© & < S
O C & \ 7 ) N © Cd N & &
O & & §NF S §E W &
v v Q < < & © N - Q e s
M positive
M negtive

CNS/brain

HGG ° ° [ ] o o . [ J ° . . ° [ ] [ ]
0.5
Lng  LUAD [ ] . . ° . . [ ] ° ° ° [ ] . [ ] ° 0.3
0.0
skin MEL ° . . . . . . . . 4 . . * . Correlation
Kidney RCC . . . . . ° . . . . . . .
glood CML . . . . . . . i . . o
Breast BRCA
Eye UM L]
EXP0052 EXP0053 EXP0054
4 P>0.05 . 0.4 . o 7=-0.2457, P=0.0403
w 02%° @ w 028%° .
S 0.0fdrty— s , S S 00—
= P 4 v 5 8B z 2% & & 8
.. . .
2028t o 2 2.-0.2 A
< «*e** geneExp < < . o.° gepeExp
-0.4 -04 * . .
-0.6 -0.6
Mast cells
NK cells

iDC - —@
CD8 T cells _
B cells _—
pDC - _
Macrophages - 4. P value
Tem 4. 0.75
DC - —@ 0.50
Cytotoxic cells —’ 0.25
T cells 1 —.
—.
—.
—
—
—
e
—@
—@
>

Correlation

O o1

0.2

@)
Qo3

Neutrophils

Th1 cells

Tem A

Tgd

TFH A

NK CD56dim cells
T helper cells

Eosinophils
Th17 cells
aDC A
TReg A
NK CD56bright cells - (—
Th2 cells { @
—0I.2 0.0 OI.2 0.4
Correlation

Fig. 8. Relationships between MIR99AHG expression and enrichment of immune cells.
11



W. Han et al. Heliyon 9 (2023) 19805

A.

RGL1
RP11-166D19.1
RP11-999E24.3

MIRSIAHG

MIRSIAHG

MIRSIAHG

MIRSIAHG

AC000403.4
AP000473.5
AP000473.8

BICC1
CCDC80
LMP

Correlation

0.73
| Top 100 Top 100

from BCIP from GEPIA

I 19 genes were highly correlated
with MIR99AHG expression "

SPARCL1
TCEAL7

Scatter diagram Scatter diagram Scatter diagram Scatter diagram Scatter diagram

MIRSOAHG
MIRSOAHG
MIRSOAHG
MIRSOAHG

5 5 5 : . g 4
; : : T T o B :
oz on socrr Mraps
© £z and MiRsBAHG © NDN and MIR9AHG © RECK and MIRSOAHG © PDGrRL and MIRs9AHG © MPARS and MRSBAHG
Scatter diagram Scatter diagram Scatter diagram Scatter diagram Scatter diagram

MIRSOAHG
MIRSIAHG
MIRSIAHG
MIRSSAHG

s ] ¥ i B b 4 5 13 ; ) T X 4 { ¥ 10 2 2!
coviear Lanaz M3 PooN s
© COLI4AL and MIRSAHG © LAMA2 and MIROOAHG © MSRES and MIR99AHG © PODN and MIR99AHG © TSTLL and MIRS9AHG
Scatter diagram Scatter diagram Scatter diagram Scatter diagram Scatter diagram

MIRSOAHG
MIRSOAHG
MIRSOAHG
MIRSOAHG

; T 7 . ; T T 1) I n B
Tecar s s spancul s
© TCEAL? and MIRS9AHG © 1A2 and MIRSOANG © oS3 and MIRS9AHG © SPARCLY and MIR9SAHG © PCSKS and MIROZAHG
Scatter diagram Scatter diagram Scatter diagram Scatter diagram
© © . I

MIRSIAHG
MIRSIAHG
MIRSIAHG

[ % ) 12 14 1 7 1] ) o n
nRa1 cuRPL xa KoLl
© HTRAL and MIR99AHG © CNRIP and MIR99AHG © CXCLL2 and MIR99AHG © RGLI and MIR99AHG

Fig. 9. Co-expression analysis. (A) Heat map of relationships of MIR99AHG and its transcripts with their co-expressed genes expression; (B)
Intersection of BCIP and GEPIA; (C) Correlation of MIR99AHG expression with 19 highly co-expressed genes in BCIP. “a” represented that 19 co-
expressed genes were highly correlated with MIR99AHG expression both in BCIP and GEPIA; “a+b” represented 33 highly co-expressed genes of
MIR99AHG transcripts in GEPIA.

12



W. Han et al. Heliyon 9 (2023) 19805
3.6. Analyses of co-expressed genes of MIR99AHG and its transcripts in databases

According to the top 100 similar genes of MIR99AHG and four significant transcripts in GEPIA, we screened out 33 highly co-
expressed genes, including AP000473.5, COL14A1, SPARCL1 and so on (Fig. 9A). In addition, the top 100 co-expressed genes were
elected from BCIP database, and 39 genes were both included in these two databases (Fig. 9B). Among them, 19 genes were also highly
related to these four significant transcripts of MIR99AHG (Fig. 9B-C).

3.7. Interactions of MIR99AHG with proteins in databases

StarBase showed 10 RBPs possibly interacting with MIR99AHG. Among them, U2AF65, hnRNPC, FUS and eIF4AIII could combine
with significant transcripts, especially ENST00000418813 and ENST00000453910 (Table 1). According to the top 100 interacting
proteins of each significant transcript in RNAct database, we screened out the five most interacting proteins, including AEBP2, CHIC1,
DNAJC5B, OSCAR and PABPN1 (Table 2). These proteins were proved to be linked to tumorigenesis and chemoresistance, or to be
necessary for the regulation of IncRNAs [35-39]. According to the results of docking between ENST00000418813 and RBPs, we found
that PABPN1 had the most number of pairs of interface residues within 5.0 A, and OSCAR had the highest docking score (Fig. 10).

Table 1
The prediction of interactions between MIR99AHG transcripts and RBPs
in StarBase. Red represented significant transcripts.

Proteins Target Transcripts Proteins Target Transcripts

TIA1 ENST00000435697 FUS ENST00000418813
UPF1 ENST00000458468 ENST00000428669
U2AF65 ENST00000400178 ENST00000435697
ENST00000418813 ENST00000441820
ENST00000419952 ENST00000445461
ENST00000428669 ENST00000453910
ENST00000435697 ENST00000456342
ENST00000441820 ENST00000458468
ENST00000445461 ENST00000602280
ENST00000453910 ENST00000602339
ENST00000456342 ENST00000602620
ENST00000458468 ENST00000602892
ENST00000602280 ENST00000602901
ENST00000602323 elF4AIIl ENST00000400178
ENST00000602339 ENST00000418813
ENST00000602505 ENST00000419952
ENST00000602580 ENST00000428669
ENST00000602620 ENST00000435697
ENST00000602892 ENST00000441820
ENST00000602901 ENST00000445461
ENST00000602935 ENST00000453910
hnRNPC ENST00000602892 ENST00000456342
ENST00000602620 ENST00000458468
ENST00000418813 ENST00000602280
ENST00000435697 ENST00000602323
ENST00000453910 ENST00000602339
DGCR8 ENST00000441820 ENST00000602505
TIAL1 ENST00000435697 ENST00000602580
TDP43  ENST00000435697 ENST00000602620
ENST00000458468 ENST00000602892
ENST00000602339 ENST00000602901
ENST00000441820 ENST00000602935

LIN28B  ENST00000458468

TIAL: T-cell-restricted intracellular antigen-1; UPF1: UP Frameshift 1;
U2AF65: U2 (RNU2) small nuclear RNA auxiliary factor 2; hnRNPC:
heterogeneous nuclear ribonucleoprotein C; DGCR8: DiGeorge syndrome
critical region gene 8; TIAL1: TIA1 cytotoxic granule-associated RNA-
binding protein-like 1; TDP43: TAR DNA-binding protein 43; LIN28B: lin-
28 homolog B; FUS: Fused in sarcoma; eIF4AIIL: eukaryotic translation
initiation factor 4A3.
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Table 2
The prediction of RBPs interacting with 4 candidate transcripts of MIR99AHG in RNAct database.
Proteins UniProt Length  Prediction Score Functions in cancers or other diseases
Accession
AEBP2 Q6ZN18 517 aa  ENST00000418813  35.56  Asazinc finger protein, AEBP2 was proved to be an oncogene which promoted ovarian

ENST00000619222  8.00 cancer cell proliferation and increased cisplatin resistance [35].
ENST00000602901 22.82
ENST00000453910  18.18

CHIC1 Q5VXU3 224 aa  ENST00000418813  34.21 CHIC1 was a cis regulator of XIST and involve in the Sjogren’s syndrome X-
ENST00000619222 8.65 chromosome dose effect [36].
ENST00000602901 22.32
ENST00000453910  18.08

DNAJC5B  Q9UF47 199aa  ENST00000418813  22.60 DNAJCS5B was associated with microenvironment and its high expression was related
ENST00000619222 8.90 to shorter overall survival of esophageal cancer [37].
ENST00000602901  15.06
ENST00000453910  18.33

OSCAR Q8IYS5 282aa  ENST00000418813 19.93  OSCAR was involved in osteoclast differentiation and maturation in multiple myeloma
ENST00000619222  7.91 [38].
ENST00000602901  12.96
ENST00000453910  16.02

PABPN1 Q86U42 306 aa  ENST00000418813  19.20  PABPN1 regulated alternative polyadenylation events and was associated with
ENST00000619222 8.70 tumorigenesis, proliferation, metastasis and chemosensitivity in breast cancer [39].
ENST00000602901  12.64
ENST00000453910  18.11

AEBP2: AE binding protein 2; CHIC1: cysteine rich hydrophobic domain 1; DNAJC5B: DnaJ heat shock protein family (Hsp40) member C5 beta;
OSCAR: osteoclast associated Ig-like receptor; PABPN1: poly(A) binding protein nuclear 1.

PABPN1 hnRNPC AEBP2

(PES,

Docking Score: -340.63 Docking Score: -443.46 Docking Score: -379.02 Docking Score: -330.48

Ligand rmsd (A): 133.30 Ligand rmsd (A): 145.20 Ligand rmsd (A): 177.60 Ligand rmsd (A): 187.54
Number of pairs: 99 Number of pairs: 97 Number of pairs: 97 Number of pairs: 93
U2AF65 elF4AIIlL DNAJCSB CHIC1 FUS

= L
Docking Score: -324.01 Docking Score: -347.04  Docking Score: -383.73 ~ Docking Score: -281.65 Docking Score: -298.29
Ligand rmsd (A): 196.64 Ligand rmsd (A): 154.49 Ligand rmsd (A): 167.71  Ligand rmsd (A): 138.01 Ligand rmsd (A): 151.85
Number of pairs: 85 Number of pairs: 77 Number of pairs: 74 Number of pairs: 70 Number of pairs: 64

Fig. 10. The whole view of ENST00000418813 interaction with RBPs. Yellow: ENST00000418813; Brown: RBPs; Number of pairs: the number of
receptor-ligand pairs with interface residues within 5.0 A.
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Besides, hnRNPC, AEBP2, U2AF65, eIF4AIIl and DNAJC5B also had high docking scores, while CHIC1 and FUS had relatively low
scores (Fig. 10).

3.8. Prediction of molecular genetic and epigenetic mechanisms of MIR99AHG

BCIP database also showed a higher proportion of MIR99AHG CNV loss than CNV gain in BRCA (Fig. 11A). However, there were no
significant relationships between MIR99AHG CNV status and prognosis of BRCA patients (Fig. 11B-C). EWAS Data Hub database
investigated MIR99AHG gene body methylation levels through various probes, 16 of which could detect its gene body DNA methyl-
ation (Fig. 11D, Supplement file 3). In this database, the high level of methylation indicated longer survival time of BRCA patients in
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comparison to low level group (Fig. 11E). However, there wasn’t any significant relationship between gene body DNA methylation and
prognosis of other female reproductive system cancers. In addition, 19 TFs were predicted to combine with the promoter of MIR99AHG
(Fig. 11F). According to their relationships with MIR99AHG expression in GEPIA, we divided these TFs into three groups, namely no
significance, positive relationship and negative relationship.

Fig. 12A showed that MIR99AHG was located in the cytoplasm, nucleus and exosomes of cells, which meant that it might act as a
miRNA sponge. According to miRNA-IncRNA interactions of DIANA-LncBase v3, we found a total of 83 miRNAs possibly combined
with MIR99AHG (Supplement file 4). Then, we screened out 10 miRNAs potentially interacting with significant transcripts of
MIR99AHG by comparing DIANA-LncBase v3 and IncRNASNP databases, including miR-194-5p, miR-320 b, miR-23a-3p and so on
(Supplement file 5). CancerMIRNome showed that the levels of five miRNAs (let-7e-5p, miR-194-5p, miR-320 b, miR-484 and miR-
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Fig. 12. Prediction of interactions between IncRNA MIR99AHG and miRNAs. (A) The diagram of possible locations of MIR99AHG in cancer cells;
(B) Comparison of expression of 10 potentially interacting miRNAs between BRCA and normal tissues in CancerMIRNome; (C) Predicted binding
sites of MIR99AHG transcripts and candidate miRNAs; (D) The IncRNA-miRNA-mRNA ceRNA network.

16



W. Han et al. Heliyon 9 (2023) 19805

-

Non-tumor  Tumor

A.

Non-tumor

N

C. MDA-MB-231 MCEF-7 D

MCF-10A

1.0

1004

SUM1315

Relative RNA expression

Fig. 13. Expression of MIR99AHG in specimens and cell lines. (A) MIR99AHG expression was detected by ISH in breast non-tumor and tumor
tissues ( x 100); (B) Diagram of the comparison of MIR99AHG expression between breast non-tumor and tumor tissues (n = 10). *P < 0.05; (C)
MIR99AHG expression was detected by FISH in MCF10A, MDA-MB-231, MCF-7, SKBR3 and SUM1315 ( x 630); (D) MIR99AHG expression was
investigated by qRT-PCR in cell lines. ***P < 0.001.

1301-3p) were visibly higher in breast tumors in comparison of normal tissues, while levels of the other five were obviously lower in
BRCA (Fig. 12B). Thus, under-expression of MIR99AHG might cause the up-regulation of these five miRNAs (let-7e-5p, miR-194-5p
and so on) in BRCA and their predicted binding sites were listed in Fig. 12C. Then, we found 14 mRNAs possibly interacting with these
miRNAs through miRDB and IncACTdb databases and built the IncRNA-miRNA-mRNA ceRNA network (Supplement file 6, Supplement
file 7 and Fig. 12D).

3.9. Validation of MIR99AHG expression and location in BRCA

Due to the functions of significant transcripts of MIR99AHG, we designed a relatively specific ISH probe which could detect several
MIR99AHG transcripts containing ENST00000418813, ENST00000453910 and so on. Through ISH assay, we found that IncRNA
MIR99AHG was located in the cytoplasm and nucleus, and its expression was down-regulated in breast tumors in comparison of non-
tumor tissues (Fig. 13A-B). Then, we used a set of FISH probes containing most transcripts of MIR99AHG to investigate its expression
and locations in cell lines. Fig. 13C proved that MIR99AHG was located in the cytoplasm and nucleus of cell lines as well. In addition,
its expression in MCF10A seemed to be stronger than breast cancer cell lines (MDA-MB-231, MCF-7, SKBR3 and SUM1315). Through
gqRT-PCR, we identified that MIR99AHG expression in cancer cell lines was obviously lower than that in MCF10A (Fig. 13D).

4. Discussion

Numerous ncRNAs have been proved to be critical for the occurrence and development of breast carcinoma [8]. As the host gene of
the miR-99a/let-7c/miR-125b-2 cluster, MIR99AHG gene may play vital anti-cancer effects not only through the activation of these
tumor suppressor miRNAs, but also via the transcription of IncRNA MIR99AHG. Han CC et al. showed that copy number deletion of the
MIR99AHG gene could lead to the down-regulation of these ncRNAs in lung cancer [12]. In our study, the percentage of CNV loss was
higher than CNV gain in BRCA. However, we failed to find any difference of survival rates between CNV loss and gain. Further re-
searches need to be conducted to verify the relationships of expression and regulation between MIR99AHG and these three miRNAs in
BRCA in order to elucidate novel mechanisms of BRCA carcinogenesis.

Although MIR99AHG was over-expressed in several gastrointestinal tumors in previous studies, our research showed the down-
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regulation of MIR99AHG in BRCA in comparison with normal breast tissues. Notably, luminal B BRCA had the lowest expression level
of MIR99AHG and its level in luminal A was obviously higher than luminal B. Patients with luminal B BRCA often had a worse
prognosis than those with luminal A BRCA [40]. Therefore, MIR99AHG could become a novel biomarker for BRCA, especially luminal
breast cancer. However, whether there is a mutual regulation between MIR99AHG and Ki-67 (the biomarker for differentiation be-
tween luminal A and B) needs to be confirmed via further experiments. In addition, MIR99AHG was down-regulated in breast cancer
cell lines in comparison to MCF10A both through FISH and qRT-PCR assays. Notably, triple-negative breast cancer (TNBC) cell lines,
SUM1315 and MDA-MB-231, had the lowest expression of MIR99AHG. Therefore, abnormal down-regulation of MIR99AHG might be
involved in BRCA tumorigenesis, especially TNBC. In further research, we will select these cell lines to conduct in vitro experiments to
prove its tumor suppressor function.

Due to various transcripts of MIR99AHG, we screened out four significant transcripts (ENST00000418813, ENST00000453910,
ENST00000619222 and ENST00000602901) from GEPIA database. Then, we designed the probe that could detect several MIR99AHG
transcripts containing ENST00000418813, ENST00000453910 and so on, and detected its down-regulated expression and location in
BRCA tissues through RNA ISH assay. Although there were statistically significant differences in expression levels of
ENST00000418813.6 among different stages of BRCA, there was no obvious downward trend of ENST00000418813.6 expression with
the increase of stages. Therefore, we need to enlarge BRCA samples and identify its clinicopathological and prognostic value.

Generally, our study showed that high expression level of MIR99AHG predicted good prognosis of BRCA patients. Particularly,
MIR99AHG played a greater role in BRCA patients with no lymph node metastasis. Zhang X et al. demonstrated that MIR99AHG stood
as a novel biomarker for BRCA diagnosis due to its negative relationship with lymph node metastasis [15]. These meant that
MIR99AHG might become a significant biomarker for early-stage BRCA. However, there was no difference of MIR99AHG expression
between BRCA cases with and without lymph node metastasis. Furthermore, high levels of ENST00000602901.5 and
ENST00000602280.5 indicated longer OS and DFS, respectively. However, ENST00000418813.6 and the other two significant
transcripts failed to become indicators of the prognosis of BRCA in the database GEPIA. Therefore, it is essential to perform further
researches with larger samples to identify the prognostic roles of different MIR99AHG transcripts in BRCA and to verify their functions
in early-stage and advanced BRCA.

In the single-cell analysis of CancerSEA database, MIR99AHG expression was negatively related to half of the functional states in
lung cancer, especially angiogenesis, EMT and metastasis, which was in accordance with the previous study [12]. However,
MIR99AHG was negatively linked with apoptosis only in one dataset of BRCA, which was contradictory to its anti-cancer function.
Combining the three datasets, MIR99AHG had no relationship with apoptosis in BRCA. It is uncertain whether different transcripts of
MIR99AHG possess diverse functions in cancer cells. Therefore, what we need to do is to precisely analyze the biological characteristics
of BRCA cells through the regulation of MIR99AHG transcript expression.

LncRNAs are proved to be involved in regulating gene expression [41]. Our study explored out 19 highly co-expressed genes
through two databases, most of which played critical roles in the regulation of the extracellular microenvironment [42-45]. For
example, follistatin-like 1 (FSTL1) is one of the members of the secreted extracellular glycoprotein rich in the cysteine (SPARC) family
and involved in the development of the nervous system [42,46]. RECK was also a cysteine-rich extracellular protein and repressed the
invasion of MCF-7 cells by modulating MMP9 expression [43]. Secreted protein acidic and rich in cysteine-like 1 (SPARCL1) also
belongs to SPARC family, and it was associated with focal adhesion and tumor microenvironment [44]. Moreover, in the Xiantao
analysis, we found that MIR99AHG was associated with tumor immunity which was involved in tumor microenvironment. Especially,
MIR99AHG expression was positively related with the level of Th1 cells, but was negatively associated with Th2 cells. It was supposed
that abnormally low expression of MIR99AHG might suppress the tumor immunity by reducing the Th1/Th2 value. Therefore,
decreased MIR99AHG expression might induce the occurrence and development of BRCA through the alteration of extracellular and
immune microenvironment. Thus, in further studies, we need to identify whether MIR99AHG can regulate these proteins in a common
way, such as transcriptional control, ceRNA network and so on, and to illustrate its possible mechanisms of tumor immunity and
microenvironment.

It is proved that RBPs play important roles in regulating the molecular biological functions of IncRNAs [47]. Through the prediction
of databases, we failed to find any of these 19 co-expressed genes being combined with significant MIR99AHG transcripts. Besides,
these two databases, StarBase and RNAct, showed two different groups of RBPs related to MIR99AHG. Therefore, HDOCK server was
applied to the docking between ENST00000418813 and RBPs. Except for CHIC1 and FUS, the other seven RBPs had high docking
scores, especially PABPN1 and OSCAR. PABPN1 was considered as an oncogenic RBP and its depletion could suppress cell proliferation
and enhance apoptosis in BRCA cells [39,48]. Therefore, whether MIR99AHG transcript expression has a relationship with these
possibly interacting RBPs and what is the mechanism of their interaction remains to be uncovered.

Though without any CpG island in the promoter of MIR99AHG, EWAS showed its gene body DNA methylation and a favorable
prognostic role of its high methylation level in BRCA, which was the same to high level of MIR99AHG expression. Yang X et al. figured
that gene body DNA methylation had the opposite effect on gene expression compared to promoter methylation and increased gene
expression [49]. Therefore, MIR99AHG gene body DNA methylation may be one of the initial factors of the regulation of IncRNA
MIR99AHG expression and may become a novel indicator of BRCA. However, whether BRCA has a low level of MIR99AHG gene body
DNA methylation needs to be verified in further experiments.

In the sequence of MIR99AHG promoter, we found dozens of binding sites that TFs could interact with. According to the correlation
analysis of GEPIA, we found that several TFs, including GR, C/EBPbeta, c-Jun and so on, had positive relationships with MIR99AHG,
which implied that these TFs possibly up-regulated the level of MIR99AHG by interacting with its promoter. Nevertheless, dual-
luciferase reporter assays, chromatin immunoprecipitation and other confirmatory experiments are needed to be conducted to
verify their functions in directly controlling MIR99AHG expression. In addition, further researches should be performed to identify
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Fig. 14. Schematic model of the possible mechanism of MIR99AHG in BRCA. CNV: Copy number variant; CEP: Co-expressed proteins; RBP: RNA-
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whether abnormal expression of these TFs influences MIR99AHG transcription.

Zhang L et al. discovered that MIR99AHG could competitively consume miR-29 b-3p and accelerate adipocyte differentiation [50].
In our research, we found that MIR99AHG was mainly located in the cytoplasm and nucleus of BRCA cells through ISH assay and
databases, which was the basis of being a miRNA sponge. Thus, we speculated that MIR99AHG might suppress cancer cell proliferation
and invasion by diminishing the levels of onco-miRNAs, such as miR-194-5p, miR-320 b and so on [51,52]. Notably,
ENST00000619222 could act as a sponge of let-7c-5p, but the level of let-7c-5p was obviously lower in breast tumors than normal
tissues, which was the same to MIR99AHG and ENST00000619222. Since MIR99AHG gene was the host gene of the
miR-99a/let-7c/miR-125b-2 cluster, we speculated that when MIR99AHG gene was activated, IncRNA MIR99AHG and let-7c-5p
simultaneously increased in spite of their interaction. This might explain why let-7c-5p was down-regulated in BRCA.

The ceRNA network was built according to the prediction of databases, and showed that the number of mRNAs that let-7e-5p might
combine with was the largest. Let-7e-5p was proved to be an onco-miRNA in rectal carcinoma [53]. It was the most significant
up-regulated miRNA in rectal tumors with heterochrony hepatic metastasis and led to the down-regulation of dozens of target genes
which were related to tumor metastasis [53]. In addition, DCBLD2 and RAB11FIP2 could both combine with three miRNAs in the
network. Previous studies reported that dysregulation of them was involved in the development of carcinomas [54,55]. Concretely,
Rab11FIP2 suppressed tumor growth in lung cancer, while DCBLD2 expression was linked with prognosis of patients with glioblastoma
[54,55]. Therefore, MIR99AHG might regulate complicated ceRNA networks through targeting miRNAs. In future research, we need to
illustrate the relationships and interactions between MIR99AHG and miRNAs, miRNAs and target mRNAs, and MIR99AHG and these
mRNAs in further in vitro and in vivo researches.

Admittedly, our study still had several limitations. Firstly, since our findings were mainly based on bioinformatic analyses, this
theoretical work remains to be verified. Therefore, in vitro and in vivo experiments should be conducted in the further. Secondly, we
only selected 10 pairs of BRCA samples for the preliminary investigation of MIR99AHG through ISH assay. And most of our bio-
informatic results were derived from the TCGA data. Thus, other cohorts should be used to prove our findings. In the next study, we
need to enlarge our samples and use clinical data to validate prognostic and clinicopathological roles of MIR99AHG in BRCA. Thirdly,
the results might be varied and these databases lack concrete information of classical covariates, such as age, cancer stage, treatment
and so on. Thus, we failed to use the multivariate Cox regression to assess the prognostic role of MIR99AHG in the databases.
Therefore, it is essential to collect the clinicopathological data and follow-up information of our samples being enlarged and to enhance
the reliability and repeatability of our results in further researches.

In conclusion, MIR99AHG was down-regulated in BRCA and its high level indicated good prognosis. ENST00000619222.4,
ENST00000418813.6, ENST00000602901.5 and ENST00000453910.5 were potential significant transcripts and might play vital roles
in molecular regulation and extracellular microenvironment of BRCA (Fig. 14). Further researches need to be carried out to identify the
molecular mechanisms of MIR99AHG in BRCA.
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